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Abstract. 7KH Horizon  3URMHFW (X35$;,$ ³(XURSHDQ 3ODVPD 5HVHDUFK $FFHOHUDWRU
ZLWKH;FHOOHQFH,Q$SSOLFDWLRQV´is preparing a conceptual design report of a highly compact 
and cost-effective European facility with multi-GeV electron beams using plasma as the 
acceleration medium. The accelerator facility will be based on a laser and/or a beam driven 
plasma acceleration approach and will be used for photon science, high-energy physics (HEP) 
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detector tests, and other applications such as compact X-ray sources for medical imaging or 
material processing. EuPRAXIA started in November 2015 and will deliver the design report 
in October 2019. EuPRAXIA aims to be included on the ESFRI roadmap in 2020. 
1.  Introduction  
The EuPRAXIA collaboration is the first plasma accelerator collaboration on this scale bringing 
together 16 European partner laboratories and additional 22 associated partners from the EU, Israel, 
China, Japan, Russia and the USA [1]. EuPRAXIA is structured into 14 working packages each 
headed by two work package leaders from different institutions. Eight work packages receive EU 
funding and their topics include: plasma and laser simulations (WP2), plasma accelerator structures 
(WP3), laser design (WP4), conventional beam physics (WP5), FEL radiation (WP6), and a table-top 
test beam for HEP and other applications (WP7). Two further EU work packages work on the 
management of the collaboration (WP1) and the outreach to the public (WP8). In-kind work packages 
(WP9 - WP14) include additional approaches: beam driven plasma acceleration PWFA (WP9), hybrid 
acceleration schemes (WP14), alternative radiation generation (WP13) and alternative laser sources 
such as fiber lasers (WP10). WP11 and WP12 connect to prototyping on plasma-EDVHG )(/¶V DQG
facility access for experiments until 2019. Industry partners Amplitude Technologies, Thales and 
TRUMPF Scientific take part in the scientific advisory board and contribute their experience towards a 
successful completion of the design report. 
2.  Plasma acceleration 
6FLHQWLVWVPHGLFDO GRFWRUV DQGHQJLQHHUV KDYHXVHG UDGLR-IUHTXHQF\ 5)EDVHGSDUWLFOH DFFHOHUDWRU
EHDPVIRUQLQHW\\HDUVWRSUREHQDWXUHWRSURGXFHQHZSDUWLFOHVWRJHQHUDWHOLJKWRIH[TXLVLWHTXDOLW\
RUWRLUUDGLDWHWXPRUV7KHDFFHOHUDWRUVDUHRIRXWVWDQGLQJTXDOLW\EXWKDYHJURZQLQVL]HDQGFRVWGXH
WRWKHPDWHULDOVXVHGIRUFRQVWUXFWLRQZKLFKFDQRQO\VXVWDLQDFFHOHUDWLQJILHOGVRIDURXQG09P
EHIRUHHOHFWULFDOEUHDNGRZQRFFXUV3ODVPDDFFHOHUDWRUVDUHQRWVXEMHFWWRWKHVHHOHFWULFDOEUHDNGRZQ
OLPLWV DQG WKHDFFHOHUDWLQJ ILHOG UHDFKHV*9P WKUHHRUGHUVRIPDJQLWXGH ODUJHU WKDQ LQDQ5)
DFFHOHUDWRU$VDFRQVHTXHQFHWKHVL]HRISODVPDDFFHOHUDWRUVFDQSRWHQWLDOO\EHTXLWHVPDOOUHGXFLQJ
NLORPHWHU VFDOH PDFKLQHV WR WKH PHWHU VFDOH $ QHZ JHQHUDWLRQ RI FRVW-HIILFLHQW DQG FRPSDFW
DFFHOHUDWRUVFRXOGRSHQFRPSOHWHO\QHZXVDJHVRISDUWLFOHDFFHOHUDWRUVIRUH[DPSOHLQKRVSLWDOVDQG
XQLYHUVLWLHV7KLVUHTXLUHVVXLWDEOHVWDELOLW\DQGUHSHWLWLRQUDWHV 
7KHJUHDWSRWHQWLDORISODVPDZDYHVIRUSDUWLFOHDFFHOHUDWLRQZDVILUVWUHFRJQL]HGE\9HNVOHU>@DQG
7DMLPD DQG 'DZVRQ >@ 7KH ORQJLWXGLQDO SODVPD ZDYHV FDQ EH H[FLWHG E\ ERWK HOHFWURQ EHDPV
SODVPDZDNHILHOGDFFHOHUDWLRQ3:)$RULQWHQVHODVHUSXOVHVODVHUZDNHILHOGDFFHOHUDWLRQ/:)$
DQGDUHZHOOVXLWHGIRUDFFHOHUDWLQJFKDUJHGSDUWLFOHVWRUHODWLYLVWLFHQHUJLHV>@(OHFWURQEHDPVWKDW
DUHDFFHOHUDWHGLQVLGHDSODVPDDFFHOHUDWRUVWUXFWXUHFDQRULJLQDWHIURPWKHEDFNJURXQGSODVPDZLWKLQ
WKHSODVPDDFFHOHUDWRU VWUXFWXUH LWVHOI ³LQWHUQDO LQMHFWLRQ´RU IURPDQDFFHOHUDWRU WKDW LVVLWXDWHG LQ
IURQWRIWKHSODVPDDFFHOHUDWRUVWUXFWXUH³H[WHUQDOLQMHFWLRQ´:LWKLQWKHODVWWZRGHFDGHVWKHEHDP
TXDOLW\RI/:)$DFFHOHUDWRUVKDVVLJQLILFDQWO\LPSURYHG>-@DQGWKHFXUUHQWSHDNHQHUJ\OLHVDW
*H9 >@ 8VLQJ WKHVH EHDPV YDULRXV W\SHV RI ;-UD\ UDGLDWLRQ VXFK DV EHWDWURQ V\QFKURWURQ DQG
XQGXODWRUUDGLDWLRQGRZQWRWKHZDWHU-ZLQGRZZDYHOHQJWKVZHUHSURGXFHG>-@:KLOHVHYHUDOWHQV
RI ODERUDWRULHV XVH ODVHU V\VWHPV WR DFFHOHUDWH HOHFWURQV IHZ ODERUDWRULHV KDYH WKH HOHFWURQ EHDP
QHHGHG IRU EHDP-GULYHQ SODVPD DFFHOHUDWLRQ >-@ )$&(7 DW 6/$& DFKLHYHG HQHUJ\ GRXEOLQJ
ZLWKLQDVLQJOHHOHFWURQEHDPLQ>@DQGHQHUJ\ZDVWUDQVIHUUHGVXFFHVVIXOO\IURPDGULYHEHDP
WRDZLWQHVVEXQFKLQ>@ 
,QWKH(X35$;,$VWXG\ERWKODVHUGULYHQDQGEHDPGULYHQDSSURDFKHVDVZHOODVFRPELQHGSODVPD
DFFHOHUDWLRQVFKHPHV-XVLQJ/:)$-SURGXFHGEHDPVDVGULYHUVRI3:)$VWDJHV>@-DUHWDNHQ
LQWRFRQVLGHUDWLRQ7KHILQDO(X35$;,$GHVLJQUHSRUWLQZLOOLQFOXGHYDULRXVFRQILJXUDWLRQVRID
SRVVLEOH (X35$;,$ IDFLOLW\ 'HSHQGLQJ RQ DYDLODEOH EXGJHW DQG WKH WDUJHWHG VFLHQFH FDVH RQH RI
WKHVHRSWLRQVRUDFRPELQDWLRQRIRSWLRQVPLJKWEHWKHEHVWFKRLFH7KHGHVLJQUHSRUWZLOOFRPSDUH
VL]HFRVWDQGSHUIRUPDQFHRQDFRPPRQEDVLV7KHILUVWLWHUDWLRQRIWKHGHVLJQJRDOVZHUHGHILQHGLQ
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2FWREHU  >@ DQG IURP WKHVH WKH LQLWLDO JRDO SDUDPHWHUV IRU WKH  *H9 HOHFWURQ EHDP DW WKH
HQWUDQFHRIWKHXQGXODWRUDUHVKRZQLQ7DEOH7KHDJUHHGSRVVLEOHFRQILJXUDWLRQVDUH 
&RQILJXUDWLRQ/:)$ZLWKLQWHUQDOLQMHFWLRQ 
&RQILJXUDWLRQ/:)$ZLWKH[WHUQDOLQMHFWLRQIURPDQ5)DFFHOHUDWRU 
&RQILJXUDWLRQ/:)$ZLWKH[WHUQDOLQMHFWLRQIURPDODVHUSODVPDLQMHFWRU 
&RQILJXUDWLRQ3:)$ZLWKDQ5)HOHFWURQEHDPDQG 
&RQILJXUDWLRQ3:)$ZLWK/:)$SURGXFHGHOHFWURQEHDPK\EULGVFKHPHV 
,QDGGLWLRQWRWKH*H9HOHFWURQEHDPWKHIDFLOLW\DLPVWRSURYLGHDPHGLFDOLPDJLQJ;-UD\VRXUFH
DVZHOODV)(/UDGLDWLRQXOWLPDWHO\FRQFHQWUDWLQJLQWKHUDQJHEHWZHHQQPDQGQP7:ODVHU
SXOVHVV\QFKURQL]HGWRWKHHOHFWURQDQG;-UD\UDGLDWLRQZLOOEHDYDLODEOHLQWKHXVHUDUHDV3DUDPHWHU
WDEOHV IRU PHGLFDO LPDJLQJ DQG D WDEOH-WRS WHVW EHDP IRU +(3 DQG RWKHU DSSOLFDWLRQV DUH FXUUHQWO\
EHLQJILQDOL]HG 
3.  Laser and electron beam drivers 
7KH ODVHUXVHG LQ WKH/:)$FDVHV LVEHLQJ VWXGLHG LQZRUNSDFNDJH :3ZLWK FROOHDJXHV IURP
7KDOHV DQG $PSOLWXGH LQGXVWU\ :3 UHYLHZHG FXUUHQW ODVHU V\VWHPV LQ  >@ DQG SURSRVHG
SUHOLPLQDU\VSHFLILFDWLRQVRIWKH(X35$;,$ODVHUWKHVR-FDOOHG³FXEH´ODVHUFKDOOHQJHDQHQHUJ\
RI-RXOHDSXOVHOHQJWKRIIV):+0DQGDUHSHWLWLRQUDWHRI+]ZLWKDFRQWUDVWRI
DWSV7KHSUHVHQWZRUNWRZDUGVWKLVFKDOOHQJLQJJRDOGLVIDYRUVDFRPSOHWH7L6DODVHUV\VWHPDQG
LVFRQVLGHULQJDGLRGH-SXPSHGVROLG-VWDWHODVHUSXPSLQJVFKHPH$VHFRQGODVHUV\VWHPXVHGIRUWKH
SODVPDLQMHFWRU>@ZLOORSHUDWHDWORZHUHQHUJ\DQGVKRUWHUSXOVHOHQJWK 
'HVLJQZRUNRQWKHGULYHEHDPIRUWKH3:)$FDVHLVEHLQJSHUIRUPHGLQ:32QHRSWLRQXQGHU
GLVFXVVLRQ LV WKDW ERWK FRQILJXUDWLRQ  /:)$ DQG  3:)$ XVH DW ORZ HQHUJ\ WKH VDPH 6-EDQG
LQMHFWRUDQG5)OLQDF>@7KHVLPXODWHGWUDQVYHUVHSKDVHVSDFHRIDSRVVLEOHHOHFWURQGULYHEHDPIRU
D3:)$DSSOLFDWLRQLVVKRZQLQ)LJXUH7KLVHOHFWURQEHDPKDVDQHQHUJ\RI0H9DSHDNEHDP
FXUUHQWRIN$WUDQVYHUVHQRUPDOL]HGHPLWWDQFHVRIȝUDGPDQGDQHQHUJ\VSUHDGRIEHORZ
$IWHUDFFHOHUDWLRQWKURXJK6-EDQGDQG;-EDQGVWUXFWXUHVWKHEHDPLVIRFXVHGE\ERWKFRQYHQWLRQDO
HOHFWUR-PDJQHWVDQGSHUPDQHQWTXDGUXSROHPDJQHWVEHIRUHHQWHULQJWKHSODVPD 
 
 
           Table 1. Target values for the 5 GeV electron beam parameters at the entrance  
                            of the undulators [31]. 
4XDQWLW\ 6\PERO 9DOXH 
Particle type e Electrons 
Energy E 5 GeV 
Charge Q 30 pC 
Bunch length (FWHM) Ĳ 10 fs 
Peak current I 3 kA 
Repetition rate f 10 Hz 
Number of bunches N 1 
Total energy spread (RMS) ıE/E 1% 
Slice energy spread (RMS) ıE,S/E 0.1% 
Trans. Norm. emittance İN,x İN,y  ȝrad m 
Alpha function ĮxĮy 0 
Beta function ȕxȕy 5 m 
Trans. beam size (RMS) ıx ıy  ȝP 
Trans. divergence (RMS) ıx' ıy'  4.5 ȝUDG 
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Figure 1. Preliminary simulation results for 
the transverse phase space of a possible PWFA 
drive beam (configuration 4) with an energy of 
548 MeV, a peak beam current of 1 kA, 
transverse nRUPDOL]HG HPLWWDQFHVRIȝUDG m 
and an energy spread of below 0.07%. 
 Figure 2. PIC simulation [36] of a LWFA case 
(configuration 2). The laser pulse (red) 
propagates the plasma (electron density shown 
in blue) from left to right and excites a 
wakefield, which accelerates electrons (shown 
in green) from 0.1 to 1 GeV in 2.5 cm. 
4.  Plasma accelerator structure 
&RPSRQHQWVQHFHVVDU\ IRU WKHGHVLJQRI WKH SODVPDDFFHOHUDWRU VWUXFWXUH ZHUH UHYLHZHGE\:3 LQ
>@LQZKLFKSXEOLVKHGH[SHULPHQWDOUHVXOWVZHUHH[DPLQHGDQGFRPSDUHGQRWRQO\LQWHUPVRI
DFKLHYHG HOHFWURQ SURSHUWLHV EXW DOVR UHJDUGLQJ WKHLU UHOLDELOLW\ VWDELOLW\ RU VFDODELOLW\ WR ODUJHU
HOHFWURQ HQHUJ\ RU UHSHWLWLRQ UDWH 7KH SURSRVHG FULWHULD IURP >@ IRU VHOHFWLQJ D VSHFLILF SODVPD
DFFHOHUDWRU VWUXFWXUH ZLOO EH XVHG WR GHFLGH ZKLFK W\SHV RI SODVPD DFFHOHUDWRU ZLOO XOWLPDWHO\ EH
LQFRUSRUDWHGLQWRWKHGHVLJQUHSRUW 
)LJXUHVKRZVDSDUWLFOH-LQ-FHOO3,&VLPXODWLRQ>@SHUIRUPHGZLWKWKH26,5,6FRGH>@LQ
ZKLFK D  3: ODVHU WUDYHUVHV D SODVPD DFFHOHUDWRU VWUXFWXUH RI  FP- HOHFWURQ GHQVLW\ 7KH
H[WHUQDOO\LQMHFWHGHOHFWURQEHDPLQLWLDOO\HQHUJ\( 0H9UHODWLYHHQHUJ\VSUHDGı(( 
WUDQVYHUVHHPLWWDQFHİ1[ ȝUDGPH[LWVWKHSODVPDDIWHUFPZLWKDQHQHUJ\RI*H9ı(( İ1[ ȝUDGP:KLOHHPLWWDQFHLVZHOOSUHVHUYHGWKHHQHUJ\VSUHDGLVVLJQLILFDQWO\LQFUHDVHGGXHWRWKHVL]DEOHYDULDWLRQRIWKHDFFHOHUDWLQJILHOGDORQJWKHLQMHFWHGEXQFK%HDPORDGLQJWHFKQLTXHV 
 
 
Figure 3. The preliminary layout of the EUPRAXIA accelerator tunnel is shown [43]. All RF and 
laser infrastructure is being supplied from the level above (not shown). Undulators (yellow) are shown 
in the bottom right corners. (a) Configuration 1: LWFA with internal injection. Two plasma stages are 
included which are supplied with two laser beams (red). (b) Configuration 2: LWFA with external 
injection from an RF accelerator. The RF gun and three S-band structures are shown in front of a 
dogleg which transports the electrons to the two plasma stages. (c) Configuration 4: PWFA. Using the 
same infrastructure of RF gun and S-band structure, the PWFA case uses additional X-band structures 
to accelerate beams to several hundred MeV before using it inside a single plasma accelerator stage. 
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ZLOOEHXVHGLQRUGHUWRFRPSHQVDWHWKLVJUDGLHQWRQWKHDFFHOHUDWLQJILHOGDQGPLQLPL]HWKHLQGXFHG
HQHUJ\VSUHDG>-@$IWHUFRPSOHWLRQRI*H9VLPXODWLRQVZLWKFRQVHUYDWLRQRIDOOEHDPTXDOLWLHV
VLPXODWLRQVRIWKH*H9EHDPZLOOFRQWLQXH 
5.  Layout considerations 
7KHSUHOLPLQDU\OD\RXWRIWKH(X35$;,$DFFHOHUDWRUWXQQHO>@LVVKRZQLQ)LJXUHH[FOXGLQJXVHU
DUHDV&RQILJXUDWLRQVDQGDUHYLVXDOL]HG,QWKHFXUUHQWOD\RXWODVHUDQG5)LQIUDVWUXFWXUHDUH
VLWXDWHGRQ WKHOHYHODERYH WKHDFFHOHUDWRUOHYHOIORRUQRWVKRZQ ,I LQGLYLGXDOFRQILJXUDWLRQVZHUH
EXLOWVHSDUDWHO\WKHDUHDIRUWKHDFFHOHUDWRUWXQQHOIRUFRQILJXUDWLRQDQGDUHPP
PDQGPUHVSHFWLYHO\DQGFRQILJXUDWLRQWRFDQLQFRUSRUDWHFRQILJXUDWLRQ+HQFHWKH
IRRWSULQW RI WKH DFFHOHUDWRU WXQQHO FDQ EH XS WR  WLPHV VPDOOHU WKDQ LQ FRQYHQWLRQDO DFFHOHUDWRU
IDFLOLWLHV(X35$;,$LVDVLWH-LQGHSHQGHQWGHVLJQVWXG\3RWHQWLDOVLWHVZLOOEHLQFOXGHGLQWKHGHVLJQ
UHSRUW DQG(X63$5&)UDVFDWL ,WDO\6,1%$'+DPEXUJ*HUPDQ\&,/(; 3DULV)UDQFH&/)
'LGFRW8.DQG(/,3UDJXH&]HFK5HSXEOLFKDYHEHHQGLVFXVVHGDVSRWHQWLDOVLWHV 
6.  Summary 
7KH(X35$;,$FROODERUDWLRQLVSUHSDULQJDFRQFHSWXDOGHVLJQUHSRUWIRUDPXOWL-*H9SODVPD-EDVHG
DFFHOHUDWRUZLWKRXWVWDQGLQJEHDPTXDOLW\7KHIDFLOLW\GHVLJQDLPVWRLQFOXGH)(/UDGLDWLRQLQWKHVRIW
WR KDUG ;-UD\ UDQJH D WDEOH-WRS WHVW EHDP IRU +(3 GHWHFWRUV DQG LQGXVWU\ DQG D FRPSDFW ;-UD\
VRXUFHIRUPHGLFDO LPDJLQJ6\QFKURQL]HG7:ODVHUEHDPVZLOOEHDYDLODEOH LQ WKHXVHUDUHDV%RWK
ODVHUDQGHOHFWURQEHDPVDUHFRQVLGHUHGDVSRZHUVRXUFHVIRUWKHSODVPDDFFHOHUDWRU(X35$;,$ZLOO
SUHSDUHDSURSRVDOWREHLQFOXGHGRQWKH(6)5,URDGPDSLQDVDQLQQRYDWLYH(XURSHDQUHVHDUFK
LQIUDVWUXFWXUH 8OWLPDWHO\ (X35$;,$ ZLOO XVH WKH ZRUOG-ZLGH OHDGLQJ KLJK SRZHU ODVHUV IURP
(XURSHDQLQGXVWU\GULYHODVHULQQRYDWLRQLQWKHFRQQHFWHGFRPSDQLHVSURYLGHIRUWKHILUVWWLPHXVDEOH
HOHFWURQ EHDP TXDOLW\ IURP D SODVPD DFFHOHUDWRU DQG VHUYH SLORW XVHUV IURP VFLHQFH HQJLQHHULQJ
PHGLFLQHDQGLQGXVWU\ 
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